The release of cytoplasmic enzymes during all injury, and their detection in serum, although not specific, is of established value in the investigation of liver and cardiac diseases. Clearly, a similar battery of enzymes whose release could be related to different forms of renal injury would be of great clinical importance.
The glutathione S-transferases (GST) comprise a multigene family of detoxification enzymes which are present in many organs and are expressed in specific tissue. These enzymes are important in the conjugation of many electrophilic substances, including cytotoxic drugs, herbicides, and carcinogens, with reduced glutathione.' In man there are three classes of cytosolic isoenzyme: the acidic, basic, and neutral GSTs; these classes of GST are structurally and functionally distinct.4 In addition to the cytosolic forms, a distinct microsomal GST has been described. 5 Basic GST, formerly known as ligandin, is present in the proximal convoluted tubules in rabbit and man.6" This class of GST is not normally present in urine8 but appears in various forms of tubular injury including ischaemia,9 Cis-platinum toxicity,8 gentamicin toxicity'0 and after exposure to heavy metal."
Both acidic and neutral GSTs have been detected in Accepted for publication 19 January 1989 the human kidney using column chromatography to analyse renal extracts,'2"3 but the precise localisation of these enzymes in kidney tissue is unknown. If the tissue distribution ofthese isoenzymes in kidney differs then the ratio of one isoenzyme to another may help to further clarify the precise nature of the renal injury. This study examines the intrarenal distribution of cytosolic and microsomal GST by immunohistochemical analysis using specific polyclonal antisera raised against purified human GST.
Material and methods
Thirteen formalin fixed adult kidneys were studied. Eleven of these were obtained from tumour nephrectomy specimens where the tumour was small and caused no clinically important compression of renal parenchyma. Two kidneys were obtained at necropsy and these were normal histologically.
The cytosolic enzymes, acidic, basic, and neutral, and the microsomal enzyme were isolated and purified as previously described.4 '4'5 Rabbits were injected subcutaneously with 200 pg of purified GST in complete Freund's adjuvant. After six weeks a repeat injection in incomplete Freund's adjuvant was given. The antibody specificity and titre were determined by Western blot analysis and radioimmunoassay. None. equivocal staining ofcortical tubules ( fig 6) . Collecting ducts deep in the medulla stained (fig 7) . There was considerable variation in staining intensity among cases.
Discussion
The presence of all the major forms of cytosolic GST in human kidney23 was confirmed in this study in addition to the localisation of basic GST to proximal convoluted tubules. 7 We have also shown the presence ofmicrosomal GST. Its distribution is focal, occurring in endothelium and cellular ducts. Furthermore, we have shown that acidic GST is present in podocyte, parietal epithelium, and distal tubules. The variation in staining intensity for neutral and microsomal GST is of interest as around 40% of subjects fail to express neutral GST in liver. ' proximal convoluted tubule. The presence of both acidic and basic GST in urine may reflect more widespread tubular and even glomerular damage. This may therefore be of diagnostic value in distinguishing between cyclosporine toxicity and transplant rejection, because cyclosporine is though to be primarily a proximal tubule toxin.2' Further studies are in progress using radioimmunoassay to measure GST release into serum and urine, to investigate whether GST may be useful in the monitoring of posttransplant kidney allograft rejection.
We are grateful to Dr G Beckett for the gift of antibodies to GST isoenzymes. This work was supported by a grant from the British Medical Association to DJH and Scottish Home and Health Department Grant K/MRS/50/C570 to JDH. RK was supported by an SHHD Student Vacation Grant. molecule, although it gives a single band in Western blots of human liver. These isoenzymes, therefore, are unlikely to be of value as markers of tissue injury. In many conditions in which tubular damage can occur-for example, septicaemia-there may also be disturbance of hepatic function. Because basic GST is the predominant form of GST shown by immunocytochemistry in the liver,'9 serum estimations of basic GST alone will not differentiate between liver and kidney injury. If in addition to basic GST, however, the release of acidic GST into serum is high, it may indicate renal tubular injury because acidic GST in the liver is only present in biliary epithelium.'9 Urine analysis may be more helpful because many forms of tubulotoxin cause basic GST to be released8 ,; glomerular disorders do not result in an increase in urinary GST. 20 If the urinary excretion of basic GST is high as a result of renal injury, and acidic GST excretion is low, then it is likely that damage is restricted to the 
